ince first described by Nuss et al 1 in 1998, various modifications have been described to improve its safety, 2-4 and further modifications for cosmetic improvement are required.
Summary:
The Nuss procedure is a prevalent minimally invasive surgery for pectus excavatum. Although the Nuss procedure has the advantage of leaving less obtrusive scars, the standard technique requires at least 3 skin incisions to insert several instruments. We experienced 7 cases of the modified Nuss procedure using a single incision during a 7-year period. To facilitate passing of the bar, a traction guide was created according to our unique method. There was no need for a bar stabilizer, and no severe intraoperative complications occurred. All patients exhibited satisfactory short-term results; however, 1 patient suffered from bar rotation and required repeat surgery for fixation. 
Reconstructive Ideas and InnovatIons
thread is then fastened to the pectus bar. With an assistant tracking the other end of the silken thread, the bar is passed through the dissected tunnel smoothly and safely. The pectus bar is prebent into a convex shape.
Step-shaped bending 7 allows the pectus bar to elevate the sternum directly due to its flat convexity while fitting the ribs with its hinge points. When the bar is flipped, it is firmly locked by the fulcrum effect at 3 points: the posterior sternum and 2 bilateral highest points (Fig. 2) . The right tip of the bar is fastened to the costal bone with polyester tape. No other devices, such as a bar stabilizer or sternal wire, are used.
RESULTS
None of 7 patients had extreme depression or eccentric asymmetry. The mean age of the patients was 16.4 ± 7.31 years, and the mean operative time was 78 ± 20.7 minutes. No severe intraoperative complications, such as cardiac injury or other bleeding events, occurred. Bar rotation occurred in 1 patient, who returned to surgery for repeat fixation of the pectus bar. The Haller's index 8 improved in 4 cases. Although the remaining 3 patients did not receive follow-up computed tomography, they demonstrated obvious improvements in their clinical appearance (Figs. 3 and 4) . Patient satisfaction with the clinical results was excellent or good in all cases (Table 1) .
DISCUSSION
The single-incision technique for the Nuss procedure provides cosmetic advantages. However, this method is also associated with several difficulties, including that involving bar passage, dissection of the opposite side, questions regarding the efficacy of unilateral bar fixation without a stabilizer, and subsequent bar removal.
Usually, bar passage is assisted by the introducer or umbilical tape via an incision on the opposite side. 9 In the single-incision technique, the above-mentioned silken thread satisfactorily offers guidance.
Blunt dissection on the left side of the chest is one of the most crucial steps in this procedure. However, it requires a skilled technique to maneuver the introducer in the opposite side of the chest across the mediastinum. Narrow or incorrect layered dissection disturbs bar flipping. Defective bar flipping results in unbalanced momentum, thereby causing postoperative bar dislocation. The more severely depressed the sternum, the more difficult Fig. 1 . the suture needle with silken thread passes through the slit of the introducer, invading the skin and muscle (a). once the introducer is pulled out, the silken thread is placed in the dissected tunnel (B). Fig. 2 . the bar is bent into a stepwise convex shape (a). the bar is firmly locked by the fulcrum effect at 3 points: the posterior sternum (*) and the 2 bilateral highest points (arrow) (B).
the method of dissection. In severe cases, it may be necessary to supply supplementary work, such as sternal suspension. 7 In our single-incision technique, it is impossible to perform bilateral fixation of the pectus bar. However, with an appropriate 3-point fulcrum effect, the bar is fixed on the chest wall by itself. We recognize that this fulcrum effect is the result of more than just a force in elevating the sternum. Although a bar stabilizer can be useful, we do not believe that it is essential. 7 The one case of bar rotation observed in this series is considered to have been caused by a collapsed fulcrum effect due to inadequate dissection, rather than the lack of use of a stabilizer.
In the present study, only 2 patients have undergone bar removal; the other 5 patients continue to receive follow-up after bar placement. Bar removal was performed using the same single incision as a scar of the previous surgery. Concerning osteosis around the bar, all cases were so mild that there was no need for another incision to remove osseous tissue inhibiting removal of the pectus bar.
There is 1 limitation to this procedure. In this report, a single bar was placed in all cases, and we did not assess whether it is possible to place more than 1 bar through the single incision. We propose that it should be easy to insert a second or third bar within 2 intercostal spaces from the first bar, owing to firm retraction of the wound. However, additional fixation may be required, as it is uncertain whether multiple bars can induce an equal fulcrum effect. 
